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ABSTRACT 

We report on the first detection of hard X-ray photons {E >2.5 keV) in the X-ray transient Narrow- 
Line Seyfert 1 galaxy WPVS 007 which was the AGN with the softest X-ray spectrum during the 
ROSAT All-Sky Survey The AGN is clearly detected at a level of about 2x10"" W m-^ in the 
observed 0.3-10.0 keV band by Swift in a 50 ks observation in 2007 September. For the first time since 
the ROSAT All-Sky Survey observation in 1990 it was possible to derive an X-ray photon distribution 
by adding together all Swift observations that have been performed so far (85.5 ks in total). This 
photon distribution is consistent with an X-ray spectrum of an AGN with a partial covering absorber 
with a column density in the order of ~ 1 x 10^'^ cm~^ and a covering fraction of about 90%. A 
comparison with the 2002 Chandra data suggests that WPVS 007 has become brighter by a factor of 
about 4. The Swift data also suggest that the absorber which is causing the current low-state may 
have started to disappear. This disappearance is indicated by a significant change in the hardness 
ratio from a very soft X-ray state during the 2005 October to 2007 January observations to a rather 
hard X-ray state in the 2007 September observations. In the UV, WPVS 007 seems to become fainter 
by up to 0.5 mag over the last two years. The optical to X-ray spectral slope derived from the spectral 
energy distribution is Q!ox=2.5 which classifies WPVS 007 as an X-ray weak AGN. After correcting 
for reddening and X-ray absorption, aox becomes 1.9 and the luminosity in the Big-Blue-Bump is log 
iBBB=37.7 [W], which translates into an Eddington ratio L/L^dd ~ L 
Subject headings: galaxies: active, galaxies: individual (WPVS 007) 
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1. INTRODUCTION 

The Narrow-Line Seyfert 1 galaxy (NLSl) 
WPVS 007 (IRXS J003916.6-511701, RBS 0088; 
g^nnn = 00'^39"^15."8, ^annn = -51° 17^03'.'0, z=0.029; 
iWamsteker et al. I[l985l: ICrupe et al. Ill995bn IS a unique 
X-ray transie nt AGN. During th e ROSAT All-Sky Sur- 
vey (RASS, iVoges et al. I fl999l) . when WPVS 007 was 
in its X-ray high-state, the X-ray-to-optical flux ratio 
was log .fx/. fo^=0.22 which is typica.1 for a Seyfert 1 
galax y (e.g. iBeuermann et al."lll999l : iMaccacaro et al. I 
Il988f ). Nevertheless, in all X-ray follow-up observations 
between 1993 and 2007 using ROSAT, Chandra and 
Swift WPVS 007 has been found in an extreme X-ray 
low-state t hat made WPVS 007 almo st vanish from the 
X-ray sky (jGrupe et all 1200 ll l2007af ). It had been last 
detected in 2002 Au gust by Chandra with 1 x 10~^ 
ACIS-S counts s'^ IVaughan et al. I [2(304.). While 
this strange t ransient behav i or ha d be en a mystery 
for a decade, iLeighlv et al. I ()2005[ ) and iLeighlv et al.l 
(|2008| ) discovered that it is probalaly absorption that 
causes the extreme low-state in this AGN. They found 
in a 2003 November FUSE observation that the UV 
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spectrum of WPVS 007 had changed dramatically 
comp ared with HST observations obtained in 1996 
July (iGoodrich Il2000l : iConstantin fc Shields II2003D : the 
FUS E observation revea led the emergence of a BAL 
flow. ILeighlv et all (pOOl concluded that WPVS 007 is 
a low-luminosity, low black hole mass cousin of Broad 
Absorption Line Quasars (BALQSOs). The relatively 
short timescale for the development of the BAL inferred 
in WPVS 007 suggests that it could re-brighten at 
any time on relatively short timescales. We started 
a monitoring camp aign using Swift in 2005 October 
(jGrupe et al.l l2007a^ . The purpose of this campaign 
is to detect a possible rebrightening and therefore the 
disappearance of the absorber. By the end of the 
second year of monitoring WPVS 007 with Swift in 2007 
January, only a 3cr upper limit of the observed X-ray 
flux could be derived at a level of 2.3 x 10"^^ W m"^ in 
t he rest-frame . 2-2.0 keV band. 

iBrandt et all (|2000f) found that about 10% of opti- 
cally selected quasars appear to be X-ray weak with an 
optical to X-ray spectral slope aox^>2.0. X-ray weak- 
ness can either be intrin sic, such as seen in e.g. PHL 
1811 (jLeighlv et al.ll200"7[ ). or caused by intrinsic absorp- 
tion. Low X-ray flux states have been found in several 
NLSls, such as Mr k 1239, IH 07 07-495, an d most re- 
cently in Mrk 335 (iGrupe et al . 2004b: Boiler et alTTI 
I200I iGalio et al 1 120041 : iGrupe et al'T[2007bh . In Mrk 
335 lGrupe et aLl l 2007b[ ) showed that this dramatic drop 
in the X-ray flux goes along with a strong change in 
the X-ray spectrum. One of the possible scenarios 
to explain the X-ray spectra of low-state NLSls is a 

^ The X-ray loudness is defined bv lTananbaum et al. I l|1979l) as 

Qox=-0.384 log(/2kev//25oo;i). 
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partial covering absorber. An alternative solution to 
the strange looking low-state spectra of these NLSls 
is refl ec tion as sugge st ed for example by iFabian et al. I 
(|1989f) : IFabian et all (|2004[ ). The X-ray spectra by 
themselves do not provide a definite solution to dis- 
tinguish between both models because with the qual- 
ity of the spectra typically obtained and the number of 
free model parameters, both models fit the X-ray spec- 
tra well and they are statistically indistinguishable. In 
addition, the cases of several well-studied AGN have 
shown that low X-ray flux states are temporary events 
and n ot necessarily p e rsisten t (e.g. iKomossa fc FinkI 
1997t iGuainazzi et ail Il998l: ICostantini et all l2000l: 
Komossa et al.l 120011: iBianchi et al.l 120051: iGrupe et all 
2007bl 120081 : iBallo et al. 

The Swift Gamm a-Ray Burst explorer mission 
(iGehrels et al. I [200l was launched on 2004 Novem- 
ber 20. With its simultaneous multi- wavelength capac- 
ity and its scheduling flexibility. Swift has shown it- 
self to be the ideal observatory to study highly vari- 
able objects like AGN. Even though Swift^s main pur- 
pose is to detect and observe Gamma-Ray bursts. Swift 
has also done an excellent job in observing AGN as 
fill-in targets or Target-of-Opportunity ( ToO) obser- 
vatio n s (e.g. iMarkwar dt et alTI 1 2005': 'Grup e et al. | 
20061 I2007allbl: iKataoka et~l.l 12008: Sanibrun^aeLaJ 
2007t iGiommi et all l20?)7h. Sw iffs UV/Qptical Tele- 
scope (UVO T. iRoming et al.1 12005D and X-ray Tele- 
scope (XRT, iBurrows et al. Il2005h " cover the electromag- 
netic spectrum between 6500A on the low energy side to 
10 keV at the high energy end simultaneously. 

We started the WPVS 007 monitoring campaign again 
in 2007 July. On 2007 August 10 a failure of o ne of the 
Swift gyros forced the spacecraft into a safe-hold (jGehrelsl 
|2007|) . During the spacecraft recovery process, Swift was 
slewing only around a small circle in the sky that in- 
cluded the position of WPVS 007. We took advantage 
of this limited slewing capacity and obtained about 50ks 
of X-ray observations of the field of WPVS 007 in 2007 
September. During these observations we were not only 
able to clearly detect WPVS 007 in X-rays, but even 
more importantly, we discovered a significant number of 
photons at hard energies above 2 keV, and derived a pho- 
ton distribution that gives us information for the first 
time since the RASS about the X-ray spectrum. In this 
paper we present and discuss these new observations. 

The outline of this paper is as follows: in § ?? we de- 
scribe the Swift observations and the data reduction, in 
§ ?? we present the results of the Swift XRT data, and 
in § ?? we discuss the results. Throughout the paper 
spectral indexes are denoted as energy spectral indexes 
with Fi, oc Luminosities are calculated assuming a 

ACDM cosmology with fiM=0.27, r2A=0.73 and a Hub- 
ble constant of i/o=75 km s~^ Mpc~^ using a luminosity 
distances D=118 Mpc given bv lHoggI (fT999l) . All errors 
are la unless stated otherwise. 

2. OBSERVATIONS AND DATA REDUCTION 

Tablell] presents the new Swift XRT observations of 
WPVS 007 starting on 2007 July 15, including the start 
and end times and the total exposure times. A list of 
the previous Swift observati ons between 2005 O ctober 
and 2007 January is given in lGrupe et al.l (|2007a[ ). Due 
to the spacecraft recovery UVOT data were only taken 



before the safe- hold on 2007 August 10, and after the 
turn on of the UVOT by the end of 2007 Oc tober. The 
XRT was operating in photon counting mode ()Hill et al. I 
12004 and the data were reduced by the task xrtpipeline 
version 0.10.4., which is included in the HEASOFT pack- 
age 6.1. For creating an image of the 2007 September 
observations we used XSELECT version 2.4. We ran the 
source detection algorithm detect in XIMAGE version 4.4 
with a signal-to-noise level set to 3. 

In order to obtain a source photon distribution from 
the WPVS 007 data, we co-added the data from all of the 
Swi/it observations (85.5 ks in total) of WPVS 007 (except 
for segment005 for which the background was too high; 
iGrupe et al.l l2007al ) . From these co-added data source 
photons were extracted using XSELECT from a circle 
with r=23'.'4 and background photons from a source-free 
region close by with a radius r=95'.'0. Thirty six net 
source photons were obtained, too few to fit using the 
usual statistics. Because the source photons account 
for only 70% of the t otal, even Cash statistics cannot 
be applied in XSPEC ()Arnaud 111991) to fit the photon 
distribution. Therefore, the spectrum has to be recon- 
structed by hardness ratio analysis. The hardness ra- 
tion is defined as HR=(H-S)/(H-hS) with S and H are 
the number of source photons in the 0.3-2.0 and 2.0- 
10.0 keV energy bands, respectively. The hardness ratios 
were calcul a ted us ing the program BEHR as described in 
iPark et all (|2006f ) which uses Bayesian statistics which 
is required for the small number of photons in WPVS 
007. The absorption column density of the z=0 absorber 
was set to the Galactic v alue (A^h = 2.84 x lO^*' cm^^ 
iDickev fc Lockman |[l990l ). 

The UV OT data wer e reduc ed and analyzed as de- 
scribed in IGrupe et all ^M^- Due to UVOT cali- 
bration and software changes in June 2007 (jPoole et all 
|2007( ) we reanalyzed the UVOT data previously obtained 
by Swift with a source extraction radius of 5'.'0. Primar- 
ily the values in the UV filters changed in the order of 
about 0.3 mag. For consistency we list the results and 
exposure times in Table|2|of all Swift UVOT observation, 
in cluding those prior t o June 2007, previously published 
in IGrupe et all (l2007aD . 

3. RESULTS 

3.1. X-ray detection and analysis 

FigureH] displays the image of the field of WPVS 007 
during the 50ks observations of 2007 September. The cir- 
cle marks the position of WPVS 007. Using the detect 
algorithm in XIMAGE, the AGN is clearly detected at 
a level of (5.1±1.2) x 10"^ XRT counts s"!. Adding aU 
XRT data together that have been obtained since 2005 
October (85.5 ks in total) results in a ha detection with 
(4.5±0.9)xl0~'* counts s~^. Figure^] displays the field of 
WPVS 007 in the soft 0.3-2.0 keV and hard 2.0-10.0 keV 
bands on the left and right panels, respectively. While 
there is only a marginal detection at the 2a level in the 
soft X-ray band, the AGN is clearly detected at the A.ha 
level in the hard X-ray band. Note, that in the 2005 Oc- 
tober to 2007 January data there is an enhanced number 
of counts at the position of WPVS 007 (Tabled. How- 
ever, there is no obvious clustering of photons at that 
position. Therefore we only report a Za upper limit for 
this time period. 

The biggest surprise of the Swift observations is the 
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detection of WPVS 007 at hard X-ray energies. From 
the whole 85.5 ks data set we detected 24 source pho- 
tons with energies E >2.5 keV out of a total of 36 source 
photons. This is surprising because during the RASS 
WPVS 007 was the AGN with the steepest X-ray spec- 
trum (ax=8.7) and with no X-ray p hoton with energies 
above 0.5 keV (jGrupe et al. 11199511) . During the lOks 
Chandra observation on 2002 August 02 out of 10 pho- 
tons only one was detected above 2 keV, at 2.3 keV. 

Table|3] lists the number counts, count rates, and hard- 
ness ratios for the 2005 October to 2007 January, 2007 
September, and 2005 October to 2008 January observa- 
tions. The Hardness ratios between the 2005 October to 
2007 January observations with the 2007 September in- 
dicated a dramatic change in the X-ray spectrum. While 
the hardness ratio in the 2005 October to 2007 January 
observations is soft with HR=— 0.491q'5q which is con- 
sistent with the hardness ratio during the 2002 Chandra 
observation (HR=-0.86l[!-}^), WPVS 007 had become 
significantly harder with HR=+0.63±0.20 in the 2007 
September observations. Although comparing hardness 
ratios of different detectors is difficult. X-ray CCDs are 
similar enough to tell if the majority of photons is in the 
hard or the soft bands. 

As listed in Table[3l the total number of source pho- 
tons in the combined 85 ks Swift exposure^ is only about 
36. Although the number of source photons is small, this 
photon distribution can be used to examine what spectral 
model best represents the current low-state X-ray spec- 
trum of WPVS 007. Figure[3] shows the observed and 
simulated photon distribution (black circles and red tri- 
angles, respectively). For presentation purposes only the 
spectrum was rcbinned with 3 photons per bin. Because 
only 68% of the total number of photons in the non- 
background subtracted spectrum are source photons, no 
spectral fitting of the data is possible. In order to de- 
termine what spectral model can represent the observed 
photon distribution we measured the number of source 
photons in different energy bands and simulated several 
models in XSPEC to reproduce these numbers. In the 
observed spectrum we found that 12 source photons were 
at energies E< 2.0 keV, 24 source photons at E>2.0 keV 
(Table[3]), 16 photons between 2 and 5 keV and 8 photons 
between 5 and 10 keV. The spectrum that can reproduce 
these numbers the best is an absorbed two power law 
model wabs x {zwabs x powl + zwabs x powl). The ab- 
sorption column density at z=0 was set to the Galactic 
value. The column densities of the redshifted absorbers 
are 5 x 10^^ and 2 x 10^'^ cm~^ for the first and second 
power law component, respectively and X-ray spectral 
slopes q;x=8.7 and ax=3.0 for these components. The 
first po wer law spectral slop e is that found during the 
RASS (|Grupe et al. Ill995bl ). Even though this model 
can reproduce the observed photon distribution, a more 
physical model is a partial covering absorber with a sin- 
gle power law. We found that a partial covering absorber 
with a column density A^h = 1 x 10^^ cm~^ and a high 
covering fraction of /pc=0.95 and an X-ray spectral slope 
ax=l-5 can also represent the observed photon distribu- 
tion quite well. Figure[3] shows a simulated 85 ks spec- 

® Note, as mentioned in IGrupe et al.l l|2007al ) the segment 005 
data were excluded from the analysis due to a high detector back- 
ground during the observation. 



trum (red triangles) using the partial covering absorber 
model as described above. 

3.2. UVOT data 

Figure|4] displays the UVOT light curves in all 6 filters. 
Note that during some of the observations only the UV 
filters have be en used. These light curves are similar to 
those shown in lGrupe et~an lj2007af) . but all UVOT data 
have been re-analyzed d ue to the most re cent software 
and calibration changes (jPoole et al.l 120071 ). WPVS 007 
continues to be variable by about 0.3 mag in the UV on 
timescales of months. The UV light curves also suggest 
that over the period of about two years the AGN has 
become fainter by up to 0.5 mag (see also Tablc[2]) in the 
UV filters. 

Because we can finally see hard X-ray photons in 
WPVS 007, it is possible to construct the spectral en- 
ergy distribution (SED) and derive the optical to X-ray 
spectral slope ctox- The photon distribution of WPVS 
007 presented here is dominated by the 2007 September 
observations when it appeared to be brighter compared 
to the previous observations. Taking this into account 
we measure an optical to X-ray spectral slope Q!ox=2.5. 
This is the apy of th e abso rbed/ reddened spectrum. Note 
that iLeighlv et al.l ()2008f ) found an unusual reddening 
curve of WPVS 007 based on the HST data in compari- 
son with HST spectra of Mrk 493 and Mrk 335. In order 
to estimate the unabsorbed aox, we assumed an opti- 
cal/UV spectrum of an (almost) unabsorbed NLSl. Here 
we picked the Swift observation of MS 0117-28 (Grupe 
et al. 2008 in prep). For the X-ray spectrum we used 
the unabsorbed power law spectrum found from the par- 
tial covering absorber model fit with ax=l-5. Based on 
these assumptions we found that the unabsorbed optical 
to X-ray spectral slope is in the order of q;ox=1-9. The 
UV spectrum of MS 0117-28 can also be used to esti- 
mate the approximate intrinsic reddening in WPVS 007. 
We measured a reddening of about 1 magnitude in the 
UVW2 filter which translates to an intrinsic reddening of 
£'b-v=0.1 mag. This SED results in a Big-Blue-Bump 
luminosity of log Lbbb=37.7 [WJ which is exactly the 
Eddington luminosity of a 4 x 10 AfQblack hole^, or in 
other words, the Eddington rati o is L/L -Edd ~ 1, which 
is a typical value for NLSls (e.g. iGrupe l[2004i) . 

4. DISCUSSION 

We presented new Swift observations on the X-ray 
transient NLSl WPVS 007. We were able to detect the 
AGN in X-rays at a level of 5x10"" XRT counts s"^ in 
the 0.3-10.0 keV band which is equivalent to an X-ray 
flux of 2xl0~^^ W m~^. The most interesting aspect of 
this detection is that the majority of source photons are 
detected at energies E >2 keV which is extremely sur- 
prising considering that WPVS 007 used to be the AGN 
with the softest X-ray spectrum in the sky, having no 
photon above 0.5 keV detected during the RASS. 

Compared with the ACIS-S count rate measured dur- 
ing the 2002 Chandra observation (1 x 10"^ ACIS-S 
counts s~^; IVaughan et al. 200^ this indicates that 
WPVS 007 has become brighter by a factor of a few. 
This variability, however, only occurs in the hard band. 

^ The black hole m ass was determined using the relation given 
in IIKaspi et al.|[2000l) . 
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The 0.2-2.0 kcV flux between the Chandra 2002 and 
Swift 2007 observations remains constant within the er- 
rors. The non- v ariabi Uty of the optical sp e ctra se en by 
iWinkler et aFI HOOl) and iGrupe et al.1 (|1995br ) sug- 
gests that the intrinsic continuum spectrum may not 
have changed. This non variabihty in the optical spec- 
trum is somewhat similar to Mrk 335 where the opti- 
cal spectra taken in 1999 during the X-ray high state 
and 2007 Septemb er during the low-state are identical 
(|Grupe et al.l[200l . The non variability of the optical 
spectrum together with the strong variability seen in X- 
rays and the UV may suggest that the inclination angle 
in which we observe the nuclear region is rather high 
assuming that the variability is a consequence of vari- 
able absorption. This is expected for BAL QS Os ac- 
cordin g to the AGN geometry model presented by lElvis 1 
(|2000( ). However, this is n ot exclusive. Recently there 
have been reports by e. g. iBerrington et al.l ()2007[ ) and 
IGhosh fc Pu^isivl (pool of BAL QSOs with polar out- 
flows. 

Although the best-fit model is the partial covering 
absorber model, in principle a reflec tion model (e.g. 
iFabian et 3171119891 : iFabian et 31112004( 1 results in a sim- 
il3r shape of the X-ray spectrum. While it is impossible 
with the current data set to distinguish betwen the par- 
tial covering absorber and refclction model s, the presence 
of a s trong absorber in the UV spectrum (jLeighlv et al.l 
|2008[ ) makes the partial covering absorber model more 
plausible as the explanation for the observed Swift X-ray 
spectrum. 

One question is if the X-ray spectrum has changed in- 
trinsically, or whether the absorber has become more 
transparent sometime between 2002 and 2007. The 
strong UV absorption in the FUSE observations also 
suggests that WPVS 007 was highly absorbed in 2003 
November. There was only one photon found above 2 
keV in the Chandra 2002 observation, but 24 in the com- 
bined Swift data. In order to answer the question we 
simulated a 10 ks ACIS-S spectrum using the spectral 
parameters of a partial covering absorber fit derived from 
the Swift data. Using these parameters we expect to see 
13 photons with energies above 2 keV in the Chandra 
data. However, only one single photon with E >2keV 
was found. This is a statistically significant lower value 
than the expected number of photons. We performed an- 
other simulation assuming a column density of the partial 
covering absorber of iVn.pc = 1 x 10^"* cm^^ and leaving 
all other spectral parameters at the same values. This 
simulation showed that the hard X-ray photons could be 
suppressed significantly down to one photon above 2 keV 
in a 10 ks Chandra ACIS-S observations. Even though 
we arc dealing with low number photon statistics, the 
hardness ratios found from the Swift data prior 2007 Jan- 
uary observations the Chandra 2002 data both indicate 
a rather soft X-ray spectrum, while the 2007 September 
data suggest a rather hard spectrum. Because the fiux 
during the 2007 September Swift observation is a factor of 
about 4 higher than during the 2002 C/iandraobservation, 
it suggests that the column density of the absorber of the 
high energy spectrum had decreased significantly some- 
time in the time between 2007 January and September. 
This result suggests that the absorber has started to dis- 
appear again. Note, that a change in the absorber col- 
umn density of a fully-covered absorber has exactly the 



opposite effect on the hardness ratio than what a partial 
covered absorber does: while in increase of the absorp- 
tion column density of a fully-covered absorber causes 
the hardness ratio to become harder, becsuse primarily 
soft X-ray photons are absorbed, an increase of the ab- 
sorption column density of a partial covering absorber 
causes the source to appear softer, because the soft X- 
ray photons are dominated by the unabsorbed fraction of 
the X-r3y continuum while the hsrd X-rsy photons be- 
come suppressed. Considering thst we observed the fiux 
to decrease significantly between the RASS observation 
in 1990 and the pointed ROSAT observation in 1993, we 
may suggest that we will be able to see WPVS 007 as a 
bright X-ray NLSl again within the next few years. 

The optical to X-ray spectrsl slope aox=2.5 clearly 
classifies WPVS 07 as an X-ray wea k AGN following 
the definition by iBrandt et all (|2000[ ) who define 'X- 
ray weak' AGN by aox>2.0. The reddening-corrected 
aox=1.9 is at the borderline. Note that this value has 
large uncertainties. Nevertheless, this result is consistent 
with the findings bv lLcighlv fc Moord ()2004f ) that NLSls 
with outfiows seen in the blueshifted emission lines have 
steeper than NLSls without outfiows. 

One question remains: why was the X-ray spectral 
slope during the RASS observation so steep? An en- 
ergy index of ax =8. 7 as measured from a si ngle absorbed 
power law model to the RASS spectrum (jGrupe et al. I 
Il995br ) can not be explained by standard accretion disk 
models. We can also exclude a tidal disruption event by 
a star orbiting closely to the central black hole. First, 
the optical to X-ray flux ratio during the RASS was 
log .fx/.fo=0-22^ which is typical for a Seyfert 1 g alaxy 
(jBeuermann et al."l Il999l : iMaccacaro et al. I Il988l ). and 
second we do not detect any signiflcant changes in the 
optical spectrum. This is different than what has been 
found in the X-ra y tr ansient Seyfert 2 galaxy IC 3599 
(jGrupe et al.ll9 95a: Br andt et al.ll995f l o r as recently re- 
ported for SDSS J095209.56-h214313.3 bv lKomossa etall 
()2008[ ) where strong changes in the optical emission lines 
were found as a result of an X-ray outburst caused by 
a dramatic accretion event. Note also that the X-ray to 
optical flux ratio of IC 3599 during the RASS was log 
/x//o=l-45. One possible explanation for the absence 
of any photon above 0.5 keV during the RASS obser- 
vation is the presence of an ionized, 'warm', absorber 
in the line of sight. This type of absorber is transpar- 
ent at soft energies but absorbs at intermediate ener- 
gies, and therefore provides an efficient mechanism to 
produce very steep soft X-ray spectra (e.g., Komossa & 
Meerschweinchen 2000, Done & Nayakshin 2007). Using 
absori within XSPEC we simulated a 300s spectrum of 
WPVS 007 during the RASS with an absorber column 
density A'h = 5 x 10^^ cm^^ of the warm absorber with 
an ionization parameter ^=1000. Fitting this simulated 
spectrum with an absorbed single power law model re- 
sults in ax=6.2t^'2, which is similar to what has been 
found during the RASS (iGrupe et al. lll995bD . 

Our detection of WPVS 007 with Swift and the ex- 
traction of a photon distribution from the 2005 to 2007 

* The typical optical to X-ray spectral slope aox cannot be ap- 
plied to these data because no X-ray photons with E >0.5 keV 
were detected in the RASS data making any estimate of ctoxvcry 
uncertain. 
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data opens a new window in our understanding of WPVS 
007 and X-ray weak AGN in general. While in the UV 
we were able to follow the increase of the absorber col- 
umn density (|Leighlv et al. I l2005l : iLeighlv et all I2008D 
we are now able to follow the disappearance of the ab- 
sorber in X-rays. This will need future follow-up obser- 
vations by XMM-Newton or Chandra and Swift. While 
XMM-Newton or Chandra will be able to obtain a de- 
tailed low-state spectrum, Swift will continue monitoring 
WPVS 007 in order to determine when it will become 
X-ray bright again. In addition, optical polarimetry or 
spectropolarimetry is needed to measure how much of 
the optical emission is seen directly and how much is 
scattered (polarized) emission. Spectropolarimetry will 
put strong constraints on the geometry of the AGN and 
will confirm (or not) the assumption that WPVS 007 is 
viewed at a rather high inclination angle. We also have 
an approved HST COS observation along with a Chan- 



dra observation in order to study the developments in 
the UV absorption lines and in the X-ray continuum. 
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Aeronautics and Space Administration. Swift at PSU is 
supported by NASA contract NAS5-00136. This research 
was also supported by NASA contract NNX07AH67G 
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4v 



Fig. 1. — Image of the 50 ks observation in 2007 September of the field of WPVS 007 in the 0.3-10.0 kcV energy band. The black circle 
marks the position of WPVS 007. 



Fig. 2. — Images of the 0.3-2.0 keV and 2.0-10.0 keV energy ranges (left and right panels, respectively) from all Swift observations 
obtained on the field of WPVS 007 so far, 85.5 ks in total. The black circle marks the position of WPVS 007. 




0.5 1 2 5 

Energy [KeV] 

Fig. 3. — X-ray photon distribution of WPVS 007. The black open circles displays the observed data, containing all Swift observations 
with a total exposure time of 85.5 ks. The red open triangles display a simulated 85 ks spectrum using a partial covering absorber with a 
single power law model as described in the text to represent the observed photon distribution. For clarity reasons the spectra were binned 
with 3 photons per bin. 
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Fig. 4.— UVOT light curves of WPVS 007 starting in 2005 October. 
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TABLE 1 

Swift XRT Observation log of WPVS 007 



Segment 


T-start^ 


T-stopi 


rp 2 
-L CXp 


014 


2007-07-15 01:35 


2007-07-16 17:42 


2372 


015 


2007-07-18 19:21 


2007-07-18 19:46 


1473 


016 


2007-08-10 14:13 


2007-08-10 14:15 


145 


018 


2007-09-06 23:03 


2007-09-06 23:10 


500 


019 


2007-09-08 00-40 


2007-09-09 23-28 


15830 


020 


2007-09-10 00:51 


2007-09-10 23:34 


7122 


021 


2007-09-11 01:01 


2007-09-11 23:40 


6118 


022 


2007-09-12 00:52 


2007-09-12 23:32 


5822 


023 


2007-09-13 01:15 


2007-09-13 23:52 


7197 


024 


2007-09-14 01:17 


2007-09-14 24:00 


7942 


026 


2007-10-07 00:44 


2007-10-07 13:39 


2155 


027 


2007-10-08 00:50 


2007-10-08 13:45 


2275 


028 


2007-11-09 00:23 


2007-11-09 02:29 


2270 


029 


2007-12-15 10:09 


2007-12-15 23:18 


1790 


030 


2008-01-12 17:56 


2008-01-12 22:55 


1528 


^ Start and End times 


are given in UT^ Observing time given in s 







TABLE 2 

Swi]t UVOT Observation of WPVS 007 



Segment 


T 1 

cxp 


V 

Magcorr^ 


T 1 

-L cxp 


B 

Magcorr^ 


T 1 

-L cxp 


u 

Magcorr^ 


UV Wl 

Tcxp"*^ Magcorr*^ 


T 1 

cxp 


UV M2 

Magcorr^ 


UV W2 

Tcxp^ Magcorr*^ 


001 














646 


14.17±0.01 


675 


14.09±0.01 


686 


14.19±0.01 


002 














550 


14.18±0.01 


588 


14.11±0.01 


588 


14.19±0.01 


003 














1056 


14.17±0.01 


1171 


14.08±0.01 


1171 


14.23±0.01 


004 


155 


15.20±0.03 


159 


15.50±0.02 


159 


14.45±0.02 


319 


14.41±0.02 


118 


14.27±0.03 


615 


14.50±0.01 


005 


55 


15.09±0.04 


170 


15.39±0.02 


170 


14.30±0.02 


340 


14.20±0.02 


144 


14.07±0.03 


392 


14.22±0.02 


006 


194 


15.11±0.03 


194 


15.39±0.02 


194 


14.31±0.02 


387 


14.19±0.01 


536 


14.07±0.01 


777 


14.20±0.01 


007 


344 


15.10±0.02 


336 


15.39±0.01 


335 


14.33±0.01 


686 


14.21±0.01 


767 


14.12±0.01 


767 


14.19±0.01 


009 


245 


15.18±0.02 


245 


15.50±0.02 


245 


14.43±0.02 


486 


14.36±0.01 


621 


14.28±0.02 


978 


14.41±0.01 


010 


134 


15.15±0.03 


134 


15.49±0.03 


134 


14.62±0.02 


267 


14.42±0.01 


376 


14.34±0.02 


534 


14.56±0.01 


Oil 


187 


15.23±0.03 


187 


15.59±0.02 


187 


14.54±0.02 


374 


14.42±0.02 


513 


14.37±0.02 


750 


14.55±0.01 


012-f-013 


155 


15.19±0.03 


155 


15.43±0.02 


155 


14.37±0.02 


312 


14.29±002 


373 


14.17±0.02 


625 


14.32±0.01 


014 










19 


14.65±0.05 


37 


14.46±0.05 


111 


14.47±0.04 


50 


14.65±0.05 


015 










145 


14.58±0.02 


290 


14.48±0.02 


436 


14.44±0.02 


560 


14.56±0.01 


016 










16 


14.47±0.04 


31 


14.31±0.04 


46 


14.24±0.05 


35 


14.41±0.05 


028 


189 


15.39±0.03 


189 


15.73±0.02 


187 


14.75±0.01 


374 


14.63±0.02 


510 


14.59±0.02 


745 


14.73±0.01 


029 


152 


15.40±0.03 


153 


15.78±0.02 


153 


14.76±0.02 


124 


14.67±0.03 


375 


14.59±0.02 


248 


14.74±0.02 


030 


144 


15.25±0.03 


156 


15.58±0.02 


156 


14.54±0.01 


310 


14.45±0.02 


260 


14.33±0.02 


623 


14.44±0.01 


^ Observing ti 


mc given 


2 

in s Magnitude 


COlTGCtcd 


for reddening with 


^B-V = 


0.012 given bvlSchlegel ot ; 


ill 119931. Tlio on 




in this tabic arc 


statistical 





TABLE 3 

Count statistics of the WPVS 007 Swift observations 



Observations 


T 1 

J- cxp 


source+backgr 
S-' H3 


background^ 
S^ 


counts 


CR4 


HR3 


2005 October - 2007 January 

2007 September 

2005 October - 2008 January 


23105 
50531 
85508 


7 
8 
18 


4 

24 
30 


30 
46 
92 


33 
50 
105 


7 n + 2.7 
'■^-3.8 

25.9l^-J 

3= 7+6:4 


3 1+1-2 
5.1±1.2 
4.2±0.8 


_0 49+0-23 
+0.63±0.20 
+0.32±0.19 


^ Exposure times arc given in s"^ 


The background 


area 


is 16 times larger 


than tile 


source area 


Tire iiardness ratio 


is defined as 


HR=(H-S)/(H+S) 



with S and H are background subtracted counts in the 0.3-2.0 and 2.0-10.0 keV bands, respectively. The hardness ratio was calculated following 
the description in lPark et al.l (]2006ll . ^ Count rate is given in units of lO"*^ counts s~^. 



